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(71) E t DU PONT DE 

NEMOURS AND COMPANY, a Qmwa- 
lion organised and existing under ibc laws of 
the State of Delaware, United States of 
Ajomcz, of Wamingtwi, Delaware 19898, 
United Svatts of America, do hereby dtdzrc 
the invention for which we pray that a patent 
may be granted to us^ and the method by 
which it is to be pcrfbnned, to be particu- 
larly described in and by the f oUowine state- 
ment: — 

This invention relates to novel polymer- 
drug formulations and to thdr use in bring- 
mg about desired biological effects whm 
15 appbcd topically to living organisms; par- 
ticularly human beings and warm-blocdcd 
animals such as domestic animals end petK. 

U.S. Patent 3,297,033 disdnscs poly- 
hydroxyacctic add made into absorbable 
surgical devices such as sutures and filaments 
having controlled strength dianicteristfc. It 
docs not teach the concept of a topical poly- 
lactide-drug compositicn for rdeasing drug 
to a dearcd external site at a comroUed rate 
^ where the poller is derived pitdonunantiy 
from lactidc. 

According to one feanirc of the present 
jnvennon tiicre arc provided phannaccutical 
compoauons for topical application compris- 
30 ing at least one drug (as hereinafter defined) 
m assoaation witii a polymer comainine 
repcatmg umts of the f ormuk - 



to 6 carbon atoms when m is 1: R' and 
ere the amc or different; and nx k^40V 
by weight of the polymer contisirf thJ 
repeating unit ™ 



a) 




or 



45 



b) 




20 



55 




« l^^^f^^ ^ * alkylcnc rot^ of up 
35 to 6 carbon ainms; m is 0 or 1; R' is a 
nydrogea atom or a lower alkyi group con- 
taming tip to 6 carbon atoms; R" is a hydro- 
gen atom or an alkyl group caontainine up 

« gen atom or an alkyl group containing up 
[Pric- \ 



the F^rtions of the drug and the polymer 

S"**'!^ and die 

po^j teig sudi that upon topical applica- 

relewrf the drug over a period of time. 

Acowdmg to a fmher feature of die inven- 
tion, diere u provided a mctijod of prepar- 
12f ff^fcenncal compositions according to 
J^n"^^°° ^ .hcrdnbcfore defined which 
ccanpriM oombmmg die drug and die poly- 

SrinS?^ j?*' cne phamacemical calrii, 
" ^^"^ "^^^^ * pharmaceutical 
«y tion for topical application is pro- 

inii^S!?^ " still further feature of the 
mvamoi^ there js provided a particulate com- 
position for use in the prepara^of pha^. 
««tKal compositi«i$ whidi comprises a drug 

polymer as facrembefoie defined, die pre- 
panmoa of die drug and die polymer ^d 

^fJ?''*'?^ *e dnig and die 

po^ teng sudi that the crmfposition is 
of use m die formulation of nistained rdcasc 

^SS*"^ ^'^"'^ 
In the nh«^ 

«wcially described as a polyhctide; The pro- 75 
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IS tf drag tad pofyhcddt menllT 
^01% by of dr» Bid 

99^9% by wei^ of pc^^iBaide to 90V 
by wtigjit of drag tod 10% by waAt 3 

a sntable woOvtm, dnnnr r cr da- 
pamg agaxt end opdcmally a propdlait. 
wltta ippHed to living dssue by convaitkxnal 
mem web ti mying, hmOai^ joOiBe, or 
«nd lollowiog xtauml of volatile 
pflp cnt o r solvent by ev^Kvidan^ tbe xesalr* 
mg i miuiiue tn fi tu re of po^^lictide and drag 
foons an adherent phazmaoeudcally usefol, 
"tfrf^ratrd film. In tadx a fihn the pdy- 
lactide may be axoadotd as a canior or 
fa r *e <lrog. and it designed to xclease 
effective amounts of tbe drag over a pie- 
detennxned period of 

Tbe medicated fihnt have dse valuable 
dxaractenstic of undergoing gradual hydro- 
lysis to rdease die drag cod f onn t%siologic- 
ally nraoal substancss. Th^ oo not; for 
cx smpk , have to be nmoved from bums, 
blister^ or open wounds but ratfaff aic 
25 absorbed slowly. If desired, such film* can 
ate> be removed by waiiung with wann wazer» 
or they can simply be allowed m duff off 
as their polymer components are decomposed 
by the faydn^ytic action of tissue fluids and 
30 motstnrfc Like cmvendonal mfAi ratf^^ 
dnssiogs^ these polylactide-dnig medicaied 
films also serve to and protect lesions as 
well as to hold a drag in intimate contact 
widi tiie area to be treated. However, they 
35 arc more convenient more comfoxtahl^ and 
cosmetically more Booeptable than conven- 
tional dr »ing SL Gomposhions of the inven- 
tion that contain a propeQeot and are applied 

^ ^y°f a pr tfm e d embodi- 

ment Fuidier prefm e d are sprayable com* 
poations contahnng an antibiotic agen^ an 
anti-inflammatory agen^ or mixtures of bodi. 

Ihe term *'dnig" is mtended m its broadest 
sense as definrd in the United States Federal 

SSJlv ^ Cosmetic Aa Section 

201(2)g: 



ddodd t ind b cnayl benzoate; 65 
.-^ * hactacia ad a eo myun ; 

^fupgah^ SKh as iDbfiii^ adenhim sulfide 
and 21K imdecyleaaae; imihistBmne& socfa as 
otfbabfdrmniBt hydiDcfaloride; antiinflam- 
m a imcsj socb as bydnxntison^ ami- 70 

puspkm a^ sadi as afamumm chhside 1: 
hydiate; antynrntfai, anch u methand 




^ . M - ^ balsams and 75 

SiS^S^^ "^^S.^?^ «Kh as 
PMMlym and derovribnmiefea^; ha mn^^^ 

"yS"?^ wch as stylooBme and beozocame; 
«W»aentii such as methyl aaHcyiatt m 

J^!S^ ^ ^^S!^ ftStocorticoid ~ 
a nninflamma tnnes which can be used in the 
praaxcc of the invention are die following: 



FkndMllde 




CH2OCOCH3 
0 



6afia, - Difluoro - ll/?,lfo,17a^l 
hy dr o iypi e gn a - 1,4 - diene - 3^ 
21 - acetate 16,17 - acctonide 



tetra- 85 
dione 



40 



fluodnolone 
acctonide 



45 
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55 
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1. articles recognized in die official 
States Pharmacopoeia, official Homeo- ^ 
pathic Pbannaoopoda of the United 

States, or official National Fonnnhiy, 6afia - Difluoro - llAlfiff,17ir,21 - 
or any sq>pkmeni of any of them; and hydro^^prcgna - L4 - dieoe - 3^ 

2. arodes intmrird for use in die diapiosi^ 1647 - a^^pt^ Hf 
aire, nutigatioo, treatment or preven- 
tion of disease in man or other animals 
and 

3. mMes (odier diaa food) hztended to 
affiea the structure or any funcdon of 
the body of man or odier anunals; and 

4. articles int end ed for use as a conmoneot 
of any article ^ledfied in dause 1, 2 
or 3; but does not indude devices or 
their component^ paita^ or ^^rturri fa. 

Classes of drugs that may be ^Kdfically 



- dione 90 



II iiiTw It 





fifl^ - JMum . 16o - methyl - llAlTcr 
atone 





10 



g g > Flnnio . 16^ . meti^ . 1W47«,21 • 
tnhjuliiuj/pie^ . 1,4 . oicDt - 3^- dicmc: 

« indicated above, Ae polymcn anpl^ 
in the compositions according to Ac present 
mration may be designated as ''polyiactidcs" 
miA tarn is used berem in bodi m genoic 
sense to mcfaide po^mcts d an micnnole. 
alar cycbc eater ioimed by the condensation 
of two molecules of an <r - hydroxy add, and 
also m ite specific sense to inchidc the pol?- 
15 ^ ofthcimc^lccularcyd^ 

ty the co ndensa tion of two molecules of lactic 
aaa (a - hydio^ropionic addl The mean- 
ing in ai^ giTO sttnation will be evident to 
one skilled m the art 

Preferred polymers for use m the com- 
positions acowding to the mvemion ate those 
consistmg essentially of repeating units of the 
formula 

R' O 

I II 



20 




25 wherein R is a mediylene (—CHr—), cdgiene 



or ediylidene 



(— CH(CH,>-. 



group; R' is a hydrogen atom or a methyl or 
30 ethyl group; and m and R" arc as hcran- 
bcforc defined, at least 40% by weight of the 
polymer consisting of the repeating unit 



a) 




derived from ^rt fc add, or 



CE2, H O 
I I II 



35 b) 




derived £rom fi - hydroxybu^c add. 



Prcfcxrcd, because of milafailii^ i 
maym' a ltj are iactide enm^>»w^pr 
uDia derived from « - bydromarbaxviic 
acid% lA unhs of the above fimmik m w&i 
m B 0. It will be seen diat wbai m is a 
R' IS mediyl and R" is H, the famnla de^ 
ciite a rqwating wdt derived fam lactic 
aodL 

FurAcr preferred because of tfacir ercatff 
fiob^ty in a range oi sohati are polymers 
m whidi at lease 70% by wdgfat i the 
polymer cnnasti of the aforesaid repeating 
^togfcumlacdcaddor/^-SS^ 

WbttR' and R" are different, the hydrwy 
aad fmm which Ae rqjcating unit is derived, 
and Acrefore the unit ioclf, can east ia 
opticafly active (D- and L-) forms or in 
opccany macuve (DL-, racemic) form. For 
example, rqjcatmg units derived irom lacdc 
aad, cmxsidcred ciAer as the ptindpal poly- 
mer component or as the comonomer com- 
ponai^ can be present as D-lactide units. L- 
lactxde units, or DL-hurdde unitSL For exmpJe. 
a polymer canuiining boA L-lacdde and dC 
lactide rqjeating units is defined in Ae present 
myention as a copolymer, tg., an L-lacride/ 
L7X/-2actiae copolymer. 

DiustrBtivc of the comonamcrs which can 
be anploycd wiA lacdde to fonn copolymers 
useful m pxeparing Ae fommlations of this 
mventwn are fi - piopiolactDne, riycohde. 

(ocrwoi from fi . hydioxybutyric add), y - 
»>«yraaa)one, pivololactonc, and imcnndc- 
ouarq^c esters of « - hydroxybutyric add, 
a - hydnoyisobu^c add, e - hydroxyvalcric 
aad, « - hydroxyisovaleric add, a - hydroxy- 
caproic w4 « - hydroxy - a - cthylbutyric 
acid, a - hydroxyisocaproic add, a - l^roxy - 
fi - mcAylvalcric add, a - hydroxyheptanojc 
aad. « - hydroxyoctanoic add, a - hydroxy- 
deonmcaddt, « - hydroxymyristic add, a - 
bydrray^unc add, « - hydroxyhgnoccric add 
ana the like. 

In addition to being usable as a coraono- 
nwr* fi - bu^Iacttme can be used as Ae 

^1^^°^ " priodpal monomer 

alQQg wA any of the comonomers redtcd 
ahov^ i.t, poly ^ fi , butyrolactone and 
coprtymm thereof can be used as pohroers 
mAe fonnilations of the invention. The 
term po^lactxde as used herein is intended 
to itt^e poly . ^ . butyrolactone and 
copolymen of ^ - bn^rolactonc wiA Ae 
^manomers rcoted £d Ae immedi^tdy pre- 
admg puagrapK. The preferred sole mmo- 
™oror prmdpal monomer is lactide. 

Where lactic add is ined to prepare Ae 
potymer. It is dear Aat Ae polymer's hydn>- 
lysis products wiU indttde lacde add which 
IS a normal metabolite of Ae body. Where 
tbc pol^ IS pitpmd from Ae other com- 

£TS ^Ti.^^ ^y^Myai* Pradwcts 100 
wm be related m suructure to those derived 
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lacdc add pqj^mien and will have no 
ddettrions or umuwuni effect m tfac body. 

In pztpazing the polymen and copolymtxs 
^pDiii vpiucfa the fonndlitioDS of tbas nvoH 
lion axe ouid^ die sppropriaxt intemioleeidar 
cydk uxm (gaemOf^ lacddes) or hnxs- 
mnlfrolitr cyclic cs&n (ketones) of tibe 
I^dzosy adds may be osed. rnt^^m^}^ 
cydk esters "w**"intng nt -nmnbeied xhig^^ 



in case of copofyiQaizaxiQo, in a dxsoq^Uy 
dried re actor equtoed yndk a s t iiig and 
tntrogen mlet tnhr, Dxy nitrogen is introdiiced 
nnnydfatd y above the reacczon mixtare and 
heating and Mining arc stanoL When the 
of die 



70 



20 



25 



30 



10 ^ycoHih^ are usually tued to mttodiibe 
repeating units derived ftm alpha • hyilimy 
aads. Monomeric lactone^ e.g.« fi - propio* 
lactone and y - bulyiidactxaie^ are usi^y 
nsed to introduce rmeating tmits derived Itom 
15 or T^drozy aads. 

The polymerization is effected by heatmg 
the lactide above its mdting point in the 
presence of a polyvalent metal "n hr or com- 
potmd thereof, under anhydnms condztiQns in 
an isen atmosphere. 

^ SpsctalJy useful catalysts aie zinc oxide, 
zinc carbonate, basic zinc carbonate, ^ytfayj- 
zisc, ttibutylalumxmmi, titanitnzi, magneshnn 
or barium compounds, li^urge, and the lik& 
The amount and type of catalyst used 
detcnninc the particular temperature and time 
required to produce polymer useful for con- 
version to the formulations of this invendon. 
Thus, the amount of catalyst can be as low 
as 0.01 wci^ percent or as high as 2 wdgbt 
percent of the total of reactants. As 

a rule, the lower the amount of catalyst die 
longer the time required to produce polyms 
of a given inherent viscosiQ^ and, conversely, 
35 the higher the catalyst conccntratiaD, the 
shorter the time. The best balance is usually 
obtained employing from 0.02 wdg^ pexcent 
to 1 wd^ pe r ce nt of catalyst 
In general, it is desurable to agitate die 
40 reaction nurture continuously during die 
polymerization in order to produce a homo- 
geneous polymer at good conversions and to 
conduct the reacrion in two stq>s, the first 
bemg carried out at a lower temperature than 
45 the second, or finishing step. Other methods, 
such as those disclosed in U.S. Patents 
2,703316 and 2,758,987, can be used in 
mating the polymers. The degree of poly- 
merization can be varied over a considerable 
50 range. In general, die highff die dcgiec of 
polymerizadon, diat is, the hig^ the mole- 
cular weight of die pdylactide, the slower 
M its rate of absoiption, etc in the body and 
the dower will be the rate of release of its 
»8S0OTted drag. Polymen that are poly- 
merized to die ezoent of being soHds are 
generally preferred. 

The f oUowmg is an example of a mediod 
for preparing a pcdymer or copolymer useful 
00 m the fonnuladons of dxis invendon: T.art id c, 
^ii^iicfa is the intermolecniar ester derived fnta 
2 moles of lacric add, is purified by several 
crystalhzations from carbon tetradilozide and 
placed exdier alone in die case of honumoh. 
o5 menzation, or with one or more comonomers 



75 



80 



^ — fine of ttie reacdcBi mixture ^w y 
seacfaed abonc 100^ die nitrogen inlet is 
replaced fay t and from abont 

OM to 2 wd^ percent of an oxide or salt 
of a Gnmp fi metal of atomic number 12 
ma^ S6,^ or fidiaige is added. In the case 
m pdyxnerizaddn wxdi n liquid comonomer 
™ l iqoid comnnoraer is preferably added 
mffdic lacdde has meked. n^^^ j, con- 
ti^M^nntiH polymer having the desired 
mteent viscosity, eg., 0.5 to 0.1% concen- 
tration m benzene at 25®C is obtained. This 
may reqmre from a few minutes up to 25 
.or morehoms, dqiendmg upon the catalyst 
Jised. The forgoing is not intended to be 
Unmmg ance the viscosi^ may range from 
about 03 or less to about 4.0 or more, for 
example m benzene, chlorofomi or other 
suitable solvent 

Polymer, prodoced as above, may be suit- 
ably fmAer treated by cutdng it mto small 
pieces, dissolving in a sm'table solvent, for 
^ ^apjty benzene^ toluene or xylene, and 
IJiecipiuting die polymer by pouring the solu- 
oon mto a large volume of a nonsohrent for 
ttc p«lymer, desirably hexanc or mcdianol. 
The precipitated polymer is removed by filtra- 
uon, ttansfetied to a blender and a nonstdvcnt - 
for the polymer is added. The blender is 
nartai and after a homogeneous dispersion 100 
has bea obtained, die dispersion is filtered. 



90 



95 







TO 





mer is removed from die oven and allowed IW 
to cool at ambient temperature. 

Commerdally available orgam'c solvents or 
mixtures tiicrcof can be used to prepare die 
fonmilanons of die invendon. Those skiUed 
m the art of polymer handlmg and of drug 110 
formulation con readily determine, widi minS 
mum opcrimcntadon, a suitable solvent 
system for use with any given polybcdde* 
arug combmation of the invendon. 

The sobbility of die polylactidc depends 115 
to some extent on its structure. Poly - L - 
lactide is soluble in chloroform. Poly - DL - 
tectide is sohible in this solvent and also in 
dxwone, bmji acetet^ tctrahydrofuran, 
met^l ediyl ketone, cydohcranone, benzyl 120 
alcohol, dimcdiyl tobonate, and ediyl 
chlonde. Copolymers in general are soluble 
m a wider variety of solvents dian are homo- 
polymm. For exanq>lc, lacdde/glycoUde 
copolynttrs contaming a predominant amount 12S 
of lacnde consnmcnt are soluble in most or 
all of die solvents mentioned above and also 
m acetone and ethyl acetate. 
^ In addition, as is well known to one skilled 
m die art, die solubility of a polylactidc vriU 130 
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15 



deptnd on iu ynnymmJof weight In pa ^rr tl^ 
pdykctidcs of rdadvdh^ lower wd^xn wiH 
be izunx soluble in ptxtxcnltr nlftntv Tttf 
win be soluble in t gitttEr vsne^ of wohaat. 
Inert propellents for nse in sprwy fbnonift- 
dons axe wdl known in tbe art One w y ^^] 
in tiie field of aeroscd tedmolosy will be 
readily able to tricct a propellent •wfy^Hf for 
use widx a given polyxner-dnig-dilQent moc- 
tuit, as set oat far rrample in the im 
Ttiodplcs of Aerosol Tednology", PanI A. 
Sandens, 1970 (Van Nostrand I^dBhobS^ The 
pt rff i r cd propellents are low-boiling fioORK 
baloalkanes nmtainmg one or two cazbon 
atsmSy patzicnlarly tbne sold under die 
Freon (Registered Trade Mark). Mxxnxra 
znoxe dian one propellent be used. 
Suitable propellents include the following; 



t • I >* • » it » • I 



CQUfuiiiaoal "*^**»^t of 
oentr%^gal wbeel^ pre ism 

noizie Tmng ^ipn^mate diyxqg amdidou 
tempenmres dm do not g i' fr d the «»ft<'»wt^ 
point of tbe polymer and do not ^T ' ' f f d die 
mddng point or dcc a o mposid flo. poiot of die 
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Fonmila 
CHF»a 
CFiQCFj 
CFtOs 



25 



c^cF«a 

CFsQCFia 



-41 
-39 
-30 
-24 
-10 
4 
9 
12 
17 
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In addition^ certain hi^}er-boiling fluoro« 
haloaDcane^ not nonnally regarded as pro- 
pellents by diemsdrc^ can be mixed widi 
any of tbe prppdleots discussed above to 
lower tiie overall pressure of the mixtiirr An 
35 example is CFd^ B J. 24''C 

In some cases a single compound can 
function both as a solvent and as a pro> 
pellent. An example is etbyl rMwrf ^f* 
The drug, the polymer, the solvent or 
40 dihien^ optionally the propdient^ and opdon- 
ally one or more other addidves rii'm ifffd 
below can be mixed by any of a number (tf 
convendonai methods^ 
Coaxings embedding or intxmat:^ mixing 
45 die drug confound with the polymer can be 
acoomplishfd in the following ways: 

die discrete drug particks or 

ilismerBies 



aggregates^ agglomerates or 
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A. 

drug-L 
floes by: 
1. Spray diying 

Finely dividui drv^ parddes are suspended 
in a solvent S3rstem in whidi the drug is not 
soluble oontainmg the dissolved polymer and 
other agents^ e^ extenders, pksdcizer^ dyes^ 
etc^ m the dn^pc^ymer ratio from 1/59 
to 99/1, followed by spray drying. For 
example; Drug partides 0^ to 10 microns in 
size and equal to the wdgfat of potjmer n gfd 
as su^)ended in a ddnrafozm sohition of 
pdymer in sudi a boooemradon as to give a 
fiquid vtscxisity soitable for atomixing. The 
drtig-polymer mixture is spr^-diied using 



2. Fan coadng or fluid-bed coatmg 

Fkoe gtamdes or pdlet^ 5 micxtms t 
nsa, picfierab^ between QL25 and 10 
diameter^ in a lotadqg ooadog pan or flnid- 
bed drier, and q>ply polymer (dinolved m a 
earner id a suhable visoosuy for nayioe) hv 
spap ng uB^j i soitahie coadng qna£^h» 
been deposited to give die xcqnoed roeas&> 
rate diar an r r i sd cs. For example: Granules 
oi drug are prqiared by extnisaoa of a wet 
gtanulatkn or odier suitable mediods known 
to die art; and dried. 16-to-40-J^leA granules 
art placed in a lotning coating pan and a 
soktioa oi pofymer, dissolved in a suitable 
nonaqueous vokdle solvent is sprayed onto 
the m oving grannies with a oondnuous fine 
spray under condidons known to the art, 
mxdl a coatmg giving tiie desired release rate 
has been Implied. Tbe granules are dien dried. 
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3. iMicRxncapsuIaxiof 

Suqjend dtvg partides, granules or pdlets 90 
(■1 to 2000 microns diameter) in a solvent 
system in ^lich the drug is not soluble, and 
widdx contains in sohidon the polylacdde or 
polylactide mixture; Add an agent incom- 
patible with the polymer-solvent system, sncfa 95 
as an mcompatible pohmer, a nonsolvent for 
the poljmer, or a sdt, or vary mniiftfftny 
sudi as temperature and pressure. One or a 
combination of the above will predpitate the 
polymer, coating die drug pardclcs, graimles 100 
or pdletSL For example, 0.5-to-25-micron drug 
parddes arc suspended in chloroform (in 
which diey are not soluble) contuning the 
polylactide polyiner mixture in sohidon at 
»2ch a concentration as to give a low-vxscosity 105 
sohidon. A misdble solvent in wbidi tbe 
polymer is not sohible, such as hexane, is then 
added skmdy to predpitate the polymer. The 
coated partides are filtered and washed with 
hexane and allowed to dry. hq 

B. Embedding 

The po^n» or polymer nuxtme is mehed 
and a nnnhrat -labile drug is suspended and 
thoroughly dispersed in the melt The mdt 
is con gealed by spraying, or in a.mass and 115 
ground into small parddes to give a polymer 
matrix with the drug embedded. For 
example the polylacdde polymer mixture is 
mehed and 0 J-oMOO-micrDn preferably OJ- 
to-25-micnm) drug parddes are sw^ded 120 
and diocou^y dispersed in the mohm poly> 
mer in a oonoentradon necessary to give the 
desired rdease rate patterns. The polymer is 
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ccmgralcd by cooSng In a maa and ground 
intD small fdeoes 1 to 200 micrans in taxc 

The dmg and po^fmer aie dtssolvtd in a 
5 fTKinnnn suvoit and the solvott Is zcmovcd 
In some snhiihle my CV'ByHlxying^ flash* 
c vap uii iii on, et&}» For exuopk: the drag and 
polj^acode pulyiutt' sic diuolvcd in chloR^ 
fbm in a 1: 1 ndo and id a concrmrarion 
10 of 2% in the solvent The solvent Is flasb- 
evapontcd and litt tcsnhiqg fihn a w layrd 
from the flask and powdemL 

The above snsfaiufd-idease poivderf 
grannlar or pellet fonni^ be fnrlnrtfd ui 
15 the following type foconiladaoss 

1. Suspenaons 

Acdve ingredients of low sofaihiliQr vslndi 
have been embedded in or coated with the 
polymer and are in a fiody divided scale;, 
20 20D microDs diameter or les^ prefierably 50 
microns or less, may be suspended in a suit- 
able phannaoeutical vehicle. This vehide may 
also contain suspending and diickenxng agents 
e.g^ methylcellulose^ md p!r es eivaiiv e & . These 
ingredients are combined to give a staUe 
5u^)enaon which wiH release die active 
ingredient over the time period desired. 

Active ingredients insohible in oil in fine 
powder form, preferabty 10 miotms or less^ 
are^ thoroughly di^)ersed in a suitabk oil, 
which is, in tran* wnnlcjfif^ cxtanal 
aqueous phase (oil in water) using aiitable 
emulsifying agents, e^, trirthanniamffT^ 
35 oleate, polyoxyethylene sorbitan monooleate^ 
acacia, grlarin, etc The aqueous phase may 
also contain agents sudh as protective coUoids 
and presex v Jiives, f ozmulsted to give a stable 
emulsion idiicfa will provide a controlled 
release of the active ingredient over the time 
period desired. 

3. Aqueous suspensions 

The acdve ingredient embedded and/or 
coated with the polymer in a particle size no 
45 greater than 200 microns and preferably no 
greater than 50 microns is su^snded in an 
aqueous sohxtion Tchidi may contam diidocn- 
ing ageo^ e.g^ carboxymetfaylceilulose; pre- 
servatives, e.g^ phenol; su^ending agents 
polyvin^p]^lidtffle; snrfKe active 
agents; buffers and dextrose or salme to 
adjust for isotonidty. 



tncc% and snqxnding agents sudi as al 

In both the* "'i^yfiKft and DQn-aqueons 

win be som 4 



i » «< ^^1* ».••* til 



30 



40 



50 



. , , „ tint'die 65 

final prodnce will be sterile and will meet 
an senilis ibsc stnidaxds. 
^ For sastamed-releaae dennatnbgical 
famnlatiflns^ the dn^ «tihp*M##i anted 

wxdi the po^iner by sKShods described above^ 70 
is tfanrongdy dtyersed tn a suttahle ointment 
bttty ^ crean^^ cr lotion. The mistmcs rngj 
cmoiiciio^ t^a^^mt oila» dye^ filkn^ 
Boing a gmt a^ and/or dudsening agents^ 
and the like^ Aat aie compatible with tlie 75 
o t her gHii» j Mi i i»q tf^ 

^ For piqiaraifnps to be sprayed onto living 
tisw e^ the drug, if in powder form coated 
with polymer* should be no greater than 10 
micrans In diameter* This powder may be 80 
fuiiuulated to be diraeised in a SKpension 
or di^)eraon tyOBm or in a quick-breaking 
foam. The drag mxy also be suspended in a 
nonsolvent or ptopdlent comainmg the dis- 
solved polymer, so diat the drug panides are 
coated while bemg dispensed by Ae ^ray. 
Tntimarc miring and sustamed release may 
also be obtained if both drag and polymv 
are dissolved m a common sohent or solvent 
mature. Cootxnnous spxays or metered-dose 90 
spays may be used, dquding on dosage 
icqnircments. Sprayable sohiticms mzy con- 
tain compatihle additives the types men* 
tioned in the preceding paragraph. 

The formulations of the inventian may con* 95 
tain phannaoenticaUy acceptable inert addi* 
dves such as plastidzers and caxriere. 
Bcamples arc propylene ^ycol, Carbowax 
(Registered Trade Mark) po^ied^lene glycol^ 

giyoeride^ and edxji ceOnlose. Very low mole* 100 
cular wci^ polyiacdde^ or even the mono* 
meric adds (e;g. lactic add) are particulariy 
useful for softening a high-molecular-weight 
polylacride matrix, making it more adhesive 
and flexible widiout saaifidng biodegrad- 105 
ahility. 

The relative proporrions of the drag and 
the polymer can be varied over a wide ranges 
depending on the desired effecL Proportions 
iMy range from 0.01% of drag and 99.99% 110 
of polymer to 90% of drug and 10% of 
pohmer. Ratios that have dunra good results 
indude one part of drag to from 4—20 parts 
of polymer. 



to some extent by the 
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4« Ncn-aqoBons sn^wnsions 

The active intgredient rmbfddfd and/or 
coaxed with the polymer In a paxtide size 
usually no greater than 200 microns and pre- 
ferably no greater than 50 mioens is 
nispesded in a suitaUe oil, e.g, sesame qH, 
peanut oil, vegetable op, etc The suspension 
nuqr contain preservativei^ eg., cfaknbutanol 
or metfaylparaben and pio p ylpaiab e u nus- 



sohztions contahungfiram 1 to 20% by vrei^ 
of polymer in solvent are suitable; higher 
concentrations tend to be too viscous for 120 
8P"y^g«_The ainount of propellent employed 
vriU depasd on its boiling point and solvent 
chatactaistics and cm range afl the way from 
99% rnopdlent widi 1% polymer when die 
propcBent is also the solvent, to 10% pro- 125 
peuen^ 90% sdveat vdien the propellent is 



very low botfiog md a poor solvent for tbe 
pQ^mer or dn^ 
The foOowing fxamptet JUnsDate pn>- 

duas ami pn)ces9et of tfac invcotioa M puts 
are by wdglit unless sttted odiems& 
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and it vns more donble than a 

omtment fonnulatzaa, idudi is mtssy and 
ttbjcct to tdventiQOQS r e uiuva L 25 

* 

pTmnpIc 2 
T he pd ymer-drpg sohnxoD of l^ramp^ ^ i 
was imrrd widi a small am o um of pnmyiose 
gfrool (5% by wt of the poJymer) and 
tpnyed as in Eramp le 1 onto the ddn of the 30 
foreann of an adnh htsnan male giving a film 



Exanqde 1 
One gram of lacdde/^ycolide (70/30) 
copoljmer^ ptepmd aoanding xo die gaieral 

piocedu. ^ m aairotd above, was dissohed in ««« oanum maie gmng i 

48 ml of djkttQtttttLTbt had an which was judged m be more 

mhM visawy rf abo^ die fihn ofctab^in Example L 

chkmfomi at 30«C Fndnisokme (1^ - w r.mipir i. 

piegnadiene . 3*20 - dione • llA17a,21 - 
moT) (5 mg) was dissolved in 25 mi of this 
soiudon. A pordon of the polymer-dnig solo- 
don was spnyed onto die dsn oi die fore 
of an adult hnman male by means of 
aerosol spnj q^axatns ("SrogF 
Registered Trade MiA) contaxniog CFsQ. as 
20 the pxopeUenL This left an adherent film am- 
taining 1% by wdghr of steroid. It was 
adherent; fieadble, comfortable, transparent 
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FTaipple 3 

One-half gram of each of dixee samples 35 
cf poly - DL . lacdde was dissohed in a 
sohxdon of 5.0 mg. of prednisolone in 493 
mL oi ediyl acetate. A portion of eadx of the 
resulting poJymcr-dnig sohidons was spnycd 

onto a glass surface by die mediod of Example 
1. The properties of the stoning polymers and 
oi the fifans are summarized in the f oUcwine 
tahk. ^ 
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Inherent Yiccodty 
(0.1% in benzene) 

IJO 

0.50 

036 



Polymer 

Molecular Weight 
(By gel penneadon 
cht omatography) 
240/)00 
41^ 
32,000 



WHAT WE OLAIM IS:— 

1. Fharmaoeudcal composidons for topical 
application comprising at least one drug (as 
hereinbefore d^ned) in association with a 
55 polymer containing repeating units of the 
formula 

R' O 

i II 

I 

I 



Prupaties of Film 
Tougfa» dear> slightly elastic 
Less tough, dear, slightly sddcy 
Also less mugh, dear, sli^y tacky 
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[wherein R is a lower alkylene roup of up 
to 6 carbon atoms; m is 0 or 1; R' is a 
hydrogen atom or a lower dkyl group con* 
taining up to 6 carbon atoms; R'' is a hydro- 
gen atom or an alkyl group containing up 
to 22 carbon atoms v^ien m is 0, or a hydro* 
- gen atom or an alkyl group containing up 
65 to 6 carbon atoms when m is 1; R' and R'^ 
are the same or diff erent ; and at least 40% 
by wdgjit of the polymer consists of the 
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gumt 



a) 




70 b) 




die proportions of the drug and the polymer 
and die assodaiioa between the drug and the 
Jjolymer being soch that upon topical apphca- 
tion of die composido& there is sustained 
release of the drug over a period of time. 

Z Composhions as damied in dann 1 
comprisiiig 0.01 to 90% by weight of die 
mi drug nd 10 to 99.99% by wdght of 
me said polymer, the said percentage being 
based upon die total wdght of drug and 
polymer. 

3. Compositions as claimed in claim 1 or 
daim 2 wherein the polymer contains repeat* 
mg units of formula I wherein R represents 
a med ylene^ e thylene or cthylidene group, and 
R represents a hydrogen atom or a methyl 
or edi^l group. 

4. Compositions as claimed in daun 1 
or daim 2 vtoein the pol^^ner is derived 
from an a - hydroxy - carboxylic add. 

5. Composidons as daimed in rhim i 
or dahn 2 wherein the polymer comprises at 
least 70% of repeatmg units a) or b) derived 
from hcdc add or j9 - hydroxy - btttitie 
add respecdvdy. 

6. Compositions as claimed in daim 5 
wliucin the polymer is a homqpolymer con- 
asting essentially of Tcpcating units a). 

7. CompositiQns as danned in rfattp 1 
or daim 2 ndicrein the polymer is a homo- 
polymer consisting essentially of 
units bX 

8. Con^xmdcms as daimed in 



75 



80 



85 



90 



95 



100 
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or datn 2 wlmein tlte polymer is a oojpo ly^ 
mer of lartirff' lod giy»^*|nfp 

9. Owii|W i W j i icmi as *^*imrd in any of die 
pirrrnin^ ririms wlieitiu. die drug ry i n nf ifw 
~^ agm^ ta amfhartrrial 



y agent coon- 
s' - dione - 



ig one or more 



antiliiotiCy andfiB^gal 
liittmnmr agn^ andpaiastdc ^geo^ and- 
pe npgMt agen^ andpnoidc agaxt» cod- 
ttwcpuve^ deodorant^ eozyBoe, iionnosc^ local 
10 anaesdiedc or xnbifKiait 

lOL Compottdoos as claimed in daim 9 

uiiii |P|n said BBd-nifl 

llA17a;21 - trioL 
15 IL Gompmhions as di 

jiipiwiifflg claims also 

phannacaidcal cairien^ ex dp iems or dihienQL 
12. Composrdons as dauned in dam 11 
in dtt fom (tf a sohnion of die drag and 
20 polymer. 

is. Compoddons as claimed in riaim 12 
adq)t ed for use in aerosols and g«w^«w«n g at 
lease one propellent. 

14. Compositions as rfg?tww< jq dam 13 
25 wliadu die propdlent conqsrises a halo- 

genated Iq^drocarbon. 

15. Compositions as rfafm i'd in rhtryy X4 

whcrdn die halogesated faydxocatbon is a 
duoxocfalotD - alkane mntaimng 1 or 2 caxbon 
30 atoms. 

16. Con^ositions as daxmed in daim 11 
in tiie focra of a suspension or gnwicHm of 
die drug m particulate f onzL 

17. Compositions as daimed in daim 16 



m 

tod m any 



1 

of 
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25. 
ttteantiallr 
the Esoni^ilea 

26. A mcdiDd of pxtpsxog pharmsnrmical 
cosapomass as ristmtd in any of the pre- 
ceding claixw whidi conqaises combining tbe 
drap and the polymer with at least one 
prwrmir i-u hcal caniers "f^jmt or 
^tttby a phacmaocntiad cnmpostdon for 
topical qiplicanoQ is prodncsed. 

27. A mrt h o d as daimed in rf<»ttw 26 
vimm the diug is in particulate f onn. 

mediod as daimed in daim 27 
moda^ drug paitidcs arc coated with 
tne poiymer. 

^\ A mediod as daimed in daim 27 
wherei n the drug partidcs axe embedded in 
the polymer. 

5Q. A mediod as daimed in rtam^ 26 
wherdn the said polymer and the said drue 
Mcdtoohe^ 

onnen t onmprfTing a propdlant to form a 
aanposmon ad^jted for use in aerosols. 

31, A medioa of preparing phaiznaceutical 
coD^dtioos as daimed in any of daims 26 
to 30 substantially as herein described. 

3Z A mediod of preparing phannaceotical 
compoations as daimed in any of claims 26 
to 30 aibstsndany as herein described in any 

01 the H-yaTTlplpfl 

33. H iaimaceutical composidoDs whenever 
I^gwied by a process as daimed in any of 
daims 26 to 3Z 

34. A particulate compoation for use in - 
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80 
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90 



whcTon die drug parodes are m powder, die picparatioa of pharmaceotical composi. 
granular or peUet form. tions whidi ompziscs a drug fas lior^ 

IR Compositions as daimed in daim 16 definoQ in association wxdi a oolvmer as 



or dam 17 wherein the drug particies- are 
coated widi the polymer. 
40 19. Compositions as rlatinM ia daim 16 
or daim 17 ^n^ierdn the drug partides are 
embedded in the polymer. 

20. Compositions as daimed m any of 
daims 16 to 19 wherein the particle size of 

45 the drug partidcs is not greater than 50 
microns^ 

21. Compositicms as daimed m rUifn 20 
wherein the said partide size is not gieaie r 
dian 10 microns. 

50 22. Compositions as rtnm^P^ jn ^ 
claims 4 and 16 to 21 in the form of omt- 
mcnts, creams or lotions. 

23. Compositions as rUrmi^ fn ax^ of the 
preceding daims Gontaimng the drug and 

55 the polymer in a ratio by weight of betpreen 
1:4 and 1:20. 

24. Compositions as rla?Tri#H jQ rlaipi I 

substantially as herein described. 
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defined in daim 1, the proportions of the dnu 
Md Ac polymer and the associatioai between 
the drug and the polymer being such that die 
oonqxisirion is of use in the formation of 
mstaincri-rdease pharmaceutical compositions 100 
for topical appliotim. 

35. A composition as daimed in daim 34 
when die polymer is as ^t^t^ in azty of 
daims 3 to 8. 

36. A composition as daimed in riai'm 34 205 
or daim 35 wherein the drug is as defined 

in daim 9 or daim 10. 
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